T A B L E O F C O N T E N

B A C K G R O U N D Target condition being diagnosed
Across all fields of medicine, low patient adherence is a barrier to realising the benefits of medication (Nieuwlaat 2014) , and is associated with higher mortality (Simpson 2006) . The World Health Organization (WHO) recommends provision of antiretroviral therapy (ART) to all people living with HIV, regardless of CD4 count (WHO 2016) . At an individual level, ART reduces the risk of progression to AIDS or death, increases the likelihood of immune recovery, and reduces the risk of sexual transmission to seronegative partners. At a population level, widespread ART may reduce HIV incidence and offers a tool to end the HIV epidemic, as acknowledged within the Joint United Nations Programme on HIV/AIDS (UNAIDS) 90:90:90 target (UNAIDS 2014) . This aims that by 2020, 90% of all people living with HIV will know their HIV status, 90% of all people with diagnosed HIV infection will receive sustained ART, and 90% of all people receiving ART will have viral suppression. With respect to HIV, for the individual and population level benefits of ART to be realised, patient adherence is essential. Adherence to ART is the primary determinant of viral suppression. In one meta-analysis of observational studies, only 62% of people re-ceiving ART reported more than 90% adherence (Ortego 2011) . Poor adherence increases the risk of transmission, accumulation of resistance mutations, disease progression, and death. Previous systematic reviews indicate a number of possible treatments for poor adherence to ART, indicating the benefit of measuring adherence (Horvath 2012; Kanters 2017; Rueda 2006) . One European Consensus document defines "adherence to medications" as the process by which patients take their medication as prescribed. This term describes multiple behaviours. (Vrijens 2012) . There are four measurable subcategories of adherence to medications. These include:
• initiation: when a patient takes the first dose of a prescribed medication;
• implementation: the extent to which a patient's actual dosing corresponds to the prescribed dosing regimen, from initiation until the last dose;
• persistence: the length of time between initiation and the last dose;
• discontinuation: when a patient stops taking the prescribed medication.
Initiation and discontinuation are discontinuous (stop/start) measures, whereas implementation is a continuous measure. This precludes a single useful quantitative parameter to cover all three. Most research focuses on the implementation phase, that is: the extent to which a patient's actual dosing corresponds to the prescribed dosing regimen. The implementation component can be expressed via summary statistics which describe the implementation of a dosing regimen over a defined interval of time, for example the proportion of days with the correct number of doses over a given period. Although the implementation phase of adherence exists within a continuum from 0% to more than 100%, studies typically stratify adherence into dichotomous variables of 'adherence' and 'nonadherence'. There are no specific consensus criteria for identifying these dichotomous categories of 'adherence' and 'non-adherence'. Traditionally, across fields of medicine, trials consider rates of less than 80% to represent non-adherence (Osterberg 2005) . With respect to HIV, where non-adherence risks resistance mutations, trials have traditionally considered a threshold of greater than 95% as optimal (Paterson 2000). In practice, the level of adherence required to improve immune function and achieve viral suppression will vary by regimen and by prior history of viral suppression (Haberer 2017). For example, people with a longer-term history of viral suppression may be able to miss more doses without viral rebound (Lima 2010). Indeed, adopting lower adherence thresholds may not effect viral outcomes (Bezabhe 2016) . The definition of viral suppression is standard across guidelines, as an HIV ribonucleic acid (RNA) level below the lower limit of detection of available assays. However, the terminology for describing the absence of viral suppression is heterogeneous across the literature, incorporating concepts such as viral failure, incomplete response, viral rebound, viral blips, and low level viraemia. Table   1 summarises the varying definitions of viral failure used internationally. Of note, the WHO definition incorporates an adherence support intervention before viral failure can be diagnosed.
Index test(s)
The index test will be measures of adherence that could be utilized in resource-limited settings. The WHO Guidelines on the use of antiretroviral drugs for treating and preventing HIV identify a need to "determine optimal ways to proactively monitor adherence and identify through simple triage those patients in greatest need of adherence support" (WHO 2016) . The guideline document uses terms relating to 'simple' on 51 separate instances, but there is no standard definition. However, in context, this relates to a public health approach which is "feasible on a large scale in resource-limited settings", with decentralization and integration of services, including task shifting. With respect to 'task shifting', WHO recommends that trained and supervised community health workers can dispense ART between regular clinical visits (WHO 2016) , and suggests that these workers adopt responsibility for monitoring patient adherence (WHO 2017) . In relation to these considerations, this review will focus on measures of adherence that could be used at the 'community' or 'health centre' level as defined by a previous Cochrane review (Kredo 2014), in a nomenclature reproduced in Table 2 . As such, the measure:
• could be administered by trained volunteers, health assistants, nurse aides, and community health workers with a maximum of few months of training;
• would not require infrastructure such as laboratories which are more commonly found at enhanced health centres or hospitals.
This would not preclude use of the measure at higher levels of care. The following measures of adherence behaviour could meet these criteria:
• self-report;
• tablet counts;
• pharmacy records or secondary database analysis, or both;
• electronic monitoring;
• composite measures of the above.
We describe these further below.
Self-report
The term self-report involves a question, or set of questions, to which a patient responds. The mode of administration may be self-completion, or interviewer administered. The medium may be paper or electronic. There is no consensus taxonomy for self-report within the literature, but in broad terms, self-report questions may include:
• behavioural questions: questions asking patients to directly relate their adherence behaviour. In turn, such questions may be:
• The extent to which attitudinal questions are a valid form of assessment of adherence behaviour is unclear (Stirratt 2015) , but inclusion of such questions will not preclude a questionnaire from this review. One previous systematic review covering all fields of medicine identified that the number of questions in self-report adherence measures ranged from one to 30, with a median of eight (Nguyen 2014). It is unlikely that a 30-item questionnaire could be termed 'simple triage', or be used by community health workers. Therefore, this review will exclude self-report containing more than eight questions, or which the review authors deem to be prohibitively complex for use at this level.
Tablet counts
The provider counts the remaining tablets (or volume of liquid) in previously dispensed bottles and calculates an adherence percentage. This is based on expected versus actual tablets taken over a prescribed dispensing period. Counts may take place in clinic or unannounced (in the form of telephone or home visits).
Pharmacy records or secondary database analysis, or both
Providers can use dates of prescription refills to calculate adherence measures. These can be broadly considered under three categories (Lam 2015) .
• Medication possession ratio (MPR): this measures the time for which a person possesses a supply of each medication class available, as a proportion of the time of eligibility for that medication. These measures are most commonly calculated over a three-to 12-month period but may be shorter or longer. We consider that the variability in methods used to calculate MPR will create challenges to meta-analysis. We will pool MPR data and use subgroup analyses to investigate heterogeneity introduced by different methods.
• Tablet pickup: whether a person picks up all or a majority of their prescribed ARVs, categorizing people into either adherent or non-adherent based on a specified criteria.
• Continuous measures: the time between prescription refills from the perspective of time gaps (periods of nonadherence) or consumption (medication availability, the days of supply/days between refills).
Electronic monitoring
Electronic monitoring devices use an embedded microprocessor to record the time and date a person opens a medication box. Health workers may access data from these devices by a cabled or cellular connection. Such devices use box opening as a proxy for medication ingestion, and as such may misclassify dose-taking behaviour. Expert opinion suggests that devices are currently unlikely to be affordable to be used at scale in resource-limited settings, they are likely to become much cheaper in the future (Haberer 2017).
Composite measures of the above
This describes the combination of two or more measures of adherence to give a more accurate impression than a single component can give in isolation.
Clinical pathway
Under current national and international guidelines, when a person is diagnosed with HIV and linked to care, they are offered ART. After initiation of ART, people attend for clinical review. Clinicians may offer people more frequent clinical reviews in the months following initiation or during intercurrent illness, and less frequent clinical reviews once a person is established on and responding to therapy. Local guidelines and resources may also influence the frequency with which clinicians offer reviews. When people present for these reviews clinicians may apply the index test (measures of adherence). At these reviews, people may also receive viral load monitoring. This is the WHO 'gold standard' for confirmation of treatment response. However, the WHO also advises that viral load monitoring is the 'gold standard' for monitoring adherence (WHO 2016) . Indeed, most elevated viral loads are the result of poor adherence (Bonner 2013). However, the relationship between adherence and viral load is not linear. Other patient and drug-related factors will influence viral suppression including drug resistance, viral load at outset of therapy, history of suppression, pharmacokinetics such as absorption, the genetic barrier to resistance offered by the regimen, and drug-drug interactions, as illustrated in Figure 1 . The frequency with which providers offer viral load monitoring, and how the results are acted upon, will vary depending on resource availability. In resource-limited settings, viral load measurement is recommended initially at six months and then routinely 12 monthly thereafter if suppressed (WHO 2016). In more resource-rich settings, viral load monitoring is more frequent, several early viral load measurements may be conducted during the first few months of ART, and routine monitoring is recommended every three to six months. Figure 2 demonstrates simplified clinical pathways as described across current guidelines. 
Prior test(s)
There are no prior tests that occur before the index test. However, elevated viral load measurements at previous visits and clinical findings may influence the decision to use measures of adherence. People may receive the index test (measures of adherence) more frequently when they have evidence of complications from HIV. There are no differences according to age or gender.
Role of index test(s)
The index tests are already in current clinical use, and used variably across the clinical pathways. If we could better understand which of the available index tests are effective in detection of viral nonsuppression, this test could replace the other tests within a given strategy. Another potential role may be as a triage test, to enable more targeted viral load testing.
Alternative test(s)
Other purported measures of adherence that feature within the literature include:
• directly observed therapy (DOTs): DOTs often categorized as a 'direct' measure of adherence. A systematic review of DOTS showed no benefit to viral suppression of directly observed versus self-administered antiretroviral drugs (Ford 2009). We will exclude this because it does not represent 'simple triage', and there is overlap with adherence intervention;
• therapeutic drug monitoring (TDM): the absence of a drug with a long half-life gives objective evidence of recent nonadherence. We will exclude this as it is resource intensive, and generally does not give information about longer-term adherence. Other potential caveats include that serum drug levels may not reflect intracellular concentrations, therapeutic thresholds are unclear, and there is great inter-and intrapatient variability (DHHS 2017);
• pharmacological measures to quantify cumulative drug exposure: in response to the short-term nature of the information given by TDM, new measures are being evaluated to reflect drug intake and metabolism over a period of weeks to months. These include dried blood spot testing and hair testing (Castillo-Mancilla 2018) . Dried blood spot testing has not yet been evaluated in relation to clinical outcomes in HIV treatment and requires deep freeze within the laboratory, which is unlikely to be viable in resource-limited settings. Hair sampling requires a person to have and be willing to part with hair, requires specialised laboratory services for processing, and is thus not likely to constitute 'simple triage'. Both these tests have future potential;
• provider clinical judgement: a small number of studies have investigated provider's subjective opinions on the likely adherence behaviour of their patient (Bangsberg 2001; Gross 2002) . These represent complex qualitative assessments and are poorly amenable to meta-analysis. Therefore, we will exclude them from this review.
• tablet identification tests: the provider asks the patient to identify the tablets they have been prescribed from a selection of images of tablets (Parienti 2001). We will exclude these from this review because these test a patient's knowledge rather than implementation behaviour.
Adherence research has classified measures of adherence as objective and subjective, and direct and indirect. Although such terms appear in the literature, there is no formal taxonomy, and different authors may use the same term to describe different measures. Furthermore, the validity of applying these terms to HIV adherence research is questionable (Williams 2013). Therefore, we will avoid such terminology in this report.
Downstream impact of index test
The possible downstream consequences according to the four test accuracy categories, are as follows:
• true positive: the clinician can perform additional tests (a viral load test, an increased frequency of viral load testing in future), or refer for an effective intervention (adherence support), or both;
• true negative: the clinician can continue the normal viral load testing schedule according to local practice;
• false positive: the clinician may unnecessarily perform an additional test (viral load) or refer for an intervention (adherence support), or both. The blood test may cause the patient distress. The intervention may inconvenience the patient. Both test and intervention incur costs for the provider;
• false negative: the patient will continue to receive the normal viral load testing schedule according to local practice. The patient has viral non-suppression which has not been detected at that clinical review. This may lead to the consequences of transmission of HIV to other people, progression of HIV and the resultant morbidity and mortality, or development of drug resistance.
Rationale
Although viral load testing is the reference standard measurement of treatment response, it is not universally available. In resourcelimited settings, viral load testing may either not be available or not feasible at a high frequency. In this context, WHO has identified a need to identify through simple triage those patients in greatest need of adherence support. This review will seek to recommend measures of antiretroviral adherence which could be used in resource-limited settings, and determine gaps in the current body of knowledge to inform future research.
O B J E C T I V E S
To determine the accuracy of simple measures of adherence, including patient self-report, tablet counts, pharmacy records, electronic monitoring, or composite methods, for detecting non-suppressed viral load in people living with HIV.
M E T H O D S Criteria for considering studies for this review
Types of studies Inclusion criteria
• The study assesses index test(s) of interest (measures of adherence), at the time of a viral load measurement. We anticipate that most included studies will be conducted at a single time point. If studies are conducted at multiple time points, we will include them if we are able to extract data from one or more specific time points, rather than aggregate or longitudinal scoring.
• The study reports data comparing the index test(s) of interest to viral load non-suppression, from which we could extract true positive, true negative, false positive, and false negative values.
• The study measures viral load using laboratory-based testing platforms.
We will also include studies which make within-study comparisons of the index test(s) of interest, but will not restrict inclusion only to such studies as we anticipate few such studies exist.
Exclusion criteria
• The study does not report the lower limit of detection of the viral load assay used.
• The study uses a viral load assay with a lower limit of detection greater than 400 copies per millilitre.
• This is because most current laboratory assays have a lower limit of detection of less than 400 copies per millilitre, and there is greater clarity across literature that viral loads of less than 400 copies per millilitre reflect suppression.
• Studies using non-nucleic acid testing approaches.
• An example of a non-nucleic acid approach is measurement of HIV reverse transcriptase activity, this is a surrogate for HIV viral load measurement, but is not the reference standard.
• Studies using point-of-care tests.
We will exclude retrospective studies or case-control study designs. These are more likely to be subject to bias, in particular in relation to flow and timing: we anticipate that we will not be able to confirm that the timing of the adherence measure and the viral load are simultaneous, or that all patients receiving a given adherence measure will also receive a viral load. There will be no restrictions on minimal quality standard, minimal sample sizes, or number of cases with viral non-suppression.
Participants
We will include studies that recruit HIV-positive adults, adolescents, and children who have been established on ART for longer than six months at the time of assessment.
Index tests
The index test will be measures of adherence that could be utilised in resource-limited settings, and will include:
• pharmacy records /or secondary database analysis, or both;
We will categorize and analyse studies according to the above headings. There are no specific consensus criteria for identifying adherence versus non-adherence. Studies may report different dichotomized thresholds between 'non-adherent' and 'adherent' in relation to measures of adherence that report implementation of a dosing regimen over a defined interval of time. For example:
• self-report: count-or estimate-based measures of percentage adherence over a given period;
• tablet counts: adherence percentage based on expected versus actual tablets taken over dispensing period;
• pharmacy records or secondary database analysis, or both: MPR;
• electronic monitoring: percent of doses received as measured;
• composite measures of the above given a pooled percentage estimate.
All these measures estimate a percentage of time during which a patient takes the medication as prescribed. Typically, these studies will then dichotomize 'adherence' and 'non-adherence', based on a percentage threshold.
Our definitions for the four test accuracy categories are as follows:
• true positive: the index test correctly identifies nonadherence to ART, and as such, detects a non-suppressed viral load;
• true negative: the index test correctly identifies adherence to ART, and as such, detects a suppressed viral load;
• false positive: the index test misclassifies a person as nonadherent to ART, and fails to detect a suppressed viral load;
• false negative: the index test misclassifies a person as adherent to ART, and fails to detect a non-suppressed viral load.
Target conditions
The target condition is viral non-suppression. We will define this as an HIV RNA level above the lower limit of detection of the assay used within the study in question.
Reference standards
We will use a reference standard of non-suppressed viral load, as detected using nucleic acid testing technologies. This will be any viral load which is above the lower limit of detection of the available assay. This varies between assays, ranging from 10 copies per millilitre to 400 copies per millilitre in those which are currently available.
Search methods for identification of studies
The Cochrane Infectious Diseases Group Information specialists will perform a comprehensive search to identify all relevant studies regardless of language or publication status (published, unpublished, in press, and ongoing).
Electronic searches
We will search the following databases from 2003 onwards, as these reflect more current ART regimens and viral load thresholds (WHO 2003) .
• Cochrane Central Register of Controlled Trials (CENTRAL; the Cochrane Library);
• MEDLINE (PubMed);
• Embase (Ovid);
• Latin American and Caribbean Health Sciences Literature (LILACS);
• CINAHL (EBSCOhost);
• Africa-Wide Information (EBSCOhost); and • Web of Science (Core Collection (Clarivate Analytics)).
The preliminary search strategy for MEDLINE (PubMed) is presented in Appendix 1. We will adapt it for the other electronic databases, and report all search strategies in full in the final version of the review.
Searching other resources
To identify additional published, unpublished, and ongoing studies, we will perform the following tasks:
• screen reference lists of included studies and relevant review;
• screen the following conferences from 2016 onwards: International AIDS Society (IAS) conferences: International AIDS Conference, Conference on HIV Science ( www.iasociety.org/Conferences), European AIDS Conference ( www.eacsociety.org), International Conference on HIV Treatment and Prevention Adherence ( www.iedea.org);
• search the WHO portal for any registered trials;
• contact authors who have published more than once as first or senior author on included studies; and
• handsearch WHO reports on adherence measures.
Data collection and analysis
Selection of studies
Two review authors (PH and RH) will independently scrutinise titles and abstracts identified from our electronic search to identify those which may be eligible. We will retrieve the full-text article of any citation either review author (PH or RH) identifies as potentially eligible. Each review author will independently assess each full-text article for inclusion. We will settle any discrepancies via discussion between review authors, and if further uncertainty remains, consultation with a third review author (IEW). We will name studies according to the surname of the first author and year of publication.
Data extraction and management
Two review authors (PH and RH) will independently extract data using a predefined data extraction tool. We will pilot the form on two studies from each adherence measure subtype, and finalise the form thereafter. We will extract data on the following characteristics.
• Author, publication year, study design (as defined by review author).
• Country of study and country income status (low-income, lower middle-income, upper middle-income, high-income), as defined by The World Bank atlas method at the time of data extraction (World Bank 2018).
• Age and gender of included participants.
• HIV viral load assay used.
• Type of adherence assessment used, alone or as a composite measure, including:
• for self-report: number of questions, modality (selfcompletion, interviewer administered), question content (behavioural or attitudinal);
• for pharmacy data: MPR or tablet pick up.
• Threshold used within the study for definition of dichotomization of optimal and suboptimal adherence.
• QUADAS-2 items (as detailed in Appendix 2)
Two review authors (PH and RH) will then extract results and cross-tabulate data in two-by-two tables, using the following definitions.
• Disease positive: people with a viral load above the lower limit of detection used in the study assay.
• Disease negative: people with an undetectable viral load using the study assay.
• Test positive: people defined as non-adherent within the study, based on dichotomised percentage adherence, using a threshold defined by the study authors.
• Test positive: people defined as adherent within the study, based on dichotomised percentage adherence, using a threshold defined by the study authors.
Assessment of methodological quality
We will use the QUADAS-2 tool to appraise risk of bias and applicability (Whiting 2011). This includes four domains: patient selection, index test, reference standard, and flow and timing. To tailor the tool for our review, we will add or omit signalling questions for each of the four domains. We have proposed an initial schema for operating the QUADAS-2 tool in Appendix 2. Two review authors (PH and RH) will independently pilot the form with two studies from each adherence measure subtype, and finalise the form thereafter.
Statistical analysis and data synthesis
For all included studies, we will use the data in the two-by-two tables (the binary test results cross-tabulated with the binary reference standard) to calculate sensitivities and specificities, along with their 95% confidence intervals. We will present individual study results graphically by plotting estimates of sensitivities and specificities in a forest plot and in receiver operating characteristic (ROC) space. This will facilitate visual assessment of variation in test accuracy. We will use Review Manager 5 for these descriptive analyses and to produce summary ROC curves (Review Manager 2014). We will perform meta-analysis for each index test. We anticipate that there is likely to be variation in thresholds between included studies, and this may be explicit or implicit (Leeflang 2008) . Explicit variation may occur when different studies use different percentage adherence thresholds within the same test to define nonadherence. There may also be implicit variation, when the test result depends on an element of interpretative judgement, especially in the case of self-report. Given the anticipated explicit and implicit variation, we will use the hierarchical summary ROC model (HSROC) to pool data (sensitivities and specificities) and to plot a summary ROC (SROC) curve for each index test. The HSROC model estimates the underlying ROC curve, and thus describes how sensitivity and specificity of the included studies trade off with each other as thresholds vary. If we encounter a sufficient number of studies that report a common threshold for adherence and non-adherence, we will use the bivariate model, and give the estimate of the summary operating point. If a study reports more than one threshold, we will use the threshold from the study that is most commonly reported across studies in the meta-analysis. We will perform meta-analysis using the NLMIXED procedure within the MetaDAS macro for SAS (Takwoingi 2010).
Comparing index tests
In the first instance, we will make simple separate comparisons of summary estimates from alternative index tests. If we encounter a sufficient number of studies that make withinstudy paired comparisons of the index tests of interest, we will present linked ROC plots, in which the two estimates are joined by a line. This will facilitate visual assessment of change in accuracy within study between the tests. We will perform HSROC analysis restricted to such studies, and compare index tests using type of index test as a covariate within the HSROC model. This will allow us to explore heterogeneity in test positivity (threshold), position of the curve (accuracy), and shape of the curve. This would be the preferred method of analysis, but we anticipate that we may not find such studies. In the absence of a sufficient number of studies making withinstudy comparisons, we will make comparisons across index tests, again using type of index test as a covariate within the HSROC model.
Investigations of heterogeneity
For each index test, we will formally investigate potential sources of heterogeneity, by incorporating covariates to a hierarchical model in our meta-analysis.
• Setting, including income status:
• this will include World Bank income categories: lowincome, lower-to middle-income, upper-to middle-income, and high-income economies.
• Target population in study, as represented by child, adolescent, or adult.
• Lower limit of detection of viral load threshold used within the study.
• Subtype of adherence measure (e.g. by number and content of questions within self-report adherence measures).
Where we use the HSROC model due to variation in thresholds, we will assess the effect of covariates on the accuracy, threshold, and shape parameters. Where we use the bivariate model, we will assess interaction of covariates with sensitivity or specificity, or both. These potential sources of heterogeneity are speculative. We propose setting and target population as potential sources given that there are considerable differences in adherence rate between countries, and ages globally. As, to our knowledge, this is the first systematic review in this area, the relevance of these factors is yet to be ascertained.
Sensitivity analyses
For each index test, we will conduct sensitivity analyses in which we exclude studies for which the QUADAS-2 tool indicates areas of methodological concern. We will exclude studies in which more than four of our six QUADAS-2 domains are high risk. We also plan to assess the impact of risk of bias in relation to conduct and patient flow, and the impact of applicability in terms of whether the measure is likely to be applicable to a resource-limited setting.
Assessment of reporting bias
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